One type of tessera terrain on Venus, the trough-and-ridge tessera, exhibits a distinctive morphology composed of throughgoing generally parallel linear valleys and shorter orthogonal valleys and ridges. The similarity of this pattern to oceanic crustal topography and morphology is examined. Oceanic crust on Earth is characterized by a distinctive orthogonal pattern, with transforms and fracture zones in one direction and linear abyssal hills developed parallel to the rise crest in the other. Similarities between the components of the tessera terrain and terrestrial seafloor fabric and structure are found in terms of linearity, parallelism, length, width, spacing, orthogonality, and general morphology. A difference is that trough and ridge tessera tend to occur as plateau-like regions at intermediate elevations (average -•2 kin) above the surrounding plains, while terrestrial seafloor ranges in elevation from that observed at rise crests and oceanic plateaus such as Iceland, down to depths of several kilometers on the abyssal floors, where the orthogonal pattern is often masked by sedimentation. On the basis of the similarities it is proposed that trough-and-ridge tessera may have originated through processes analogous to those responsible for the ocean floor fabric on Earth, forming at a rise crest similar to divergent boundaries on the Earth's seafloor, and evolving to its present morphology and configuration through processes of crustal spreading. The plateau-like nature of the trough-and-ridge tessera distribution could be the result of localized crustal thickening in the spreading process, producing elevated Iceland-like plateaus whose texture is preserved from subsequent lowland volcanic flooding. Some regions of more complex tessera patterns may result from deformation of the basic trough-and-ridge pattern of tessera. This hypothesis can be tested with global high-resolution imaging and altimetry data and gravity data from the Magellan mission.
appear to be more common in the southern part of Laima The second structural element occurs in the terrain between Tessera than in the northern. Often, the flat-floored trough the troughs/lineaments and is characterized by parallel ridges narrows and the walls merge into a single linear valley, and valleys oriented generally perpendicular to the generally less than 8 km in width. A cross section across the troughs/lineaments, giving the impression of a corrugated strike of the troughs (Figure 2d) shows that the troughs average appearance. The flanks of the ridges and valleys are often sharp less than 500 m deep along this profile but that the most and linear and are interpreted to be fault bounded, in contrast to prominent trough (Baba-jaga Chasma)approaches 1 km depth the hills and swales typical of the mountain belts of Ishtar where it crosses this profile. The range and frequency Terra which are interpreted to be anticlines and synclines distribution of trough/lineament lengths are related in part to [Crumpier et al., 1986] . Therefore the hills and valleys of the their preservation, since many can be seen to be embayed by corrugated terrain appear to be more similar to horsts and plains units surrounding Laima Tessera (Figure 1 ). Several graben than to anticlines and synclines (Figure 2 ). troughs completely cross the width of Laima Tessera, and one In many cases, particularly where the edge of the corrugated (Baba-jaga Chasma) extends for a distance of about 1400 km. terrain is defined by a trough, individual linear elements do not Most of these features are less than 750 km in length, and there appear to cross from one domain across trough/lineaments into is a distinct difference in the length and continuity north and the adjacent corrugated segment. In other cases, particularly south of Baba-jaga Chasma (Figure 1) .
where the edge of a portion of the corrugated terrain is defined
The major troughs generally parallel each other (Figure 1 ) by a lineament, many linear segments can be traced across the with the distance between any two being similar along their structure, whereas others terminate against it. Few corrugated strike. The spacing between successive major elements carry further than across one trough/lineament zone trough/lineaments in a traverse normal to the strike of the (see map patterns in Figure 1 ). Many elements terminate features, however, is variable. ANNE oriented transect across against the more subtle lineaments between major eastern Laima Tessera shows that the spacing ranges from 20 to troughs/lineaments (see particularly central Laima Tessera, 100 km with an average spacing for 13 troughs of about 50 kin. Figure 1) . The lengths of the valleys and ridges in the corrugated interpreted to be of volcanic origin are noted adjacent to the terrain are thus generally comparable to the separation tessera and and are sometimes associated with smooth plains in distances between the WNW oriented troughs/fractures. These the tessera in general [Slyuta et al., 1988; Aubele, 1989] . The distances are commonly in the range 20 to 100 km and are abundance of domes within the tessera itself, however, cannot much shorter than the WNW oriented troughs/fractures. The be easily determined because of the extremely rough separation distances of the hills range fxom about 6 to 12 km, topography comprising the corrugated terrain (Figure 2) . averaging about 8-10 kin, in general agreement with the In summary, the trough and ridge type of tessera in Laima average 8 km crest-to-crest distance found for Laima Tessera by Tessera is characterized by a distinctive pattern of (Figure 3) . We now proceed to compare the general fabric of the ocean floor to the fabric of the troughand-ridge tessera on Venus.
COMPareSONS
The basic dimensions, spacing, and geometric characteristics and relationships between the terrains examined on Venus and Earth are summarized in Table 1 , and this provides a basis for comparison of similarities and differences between the two terrains. There are numerous similarities between the components of the trough-and-ridge tessera terrain type and basic terrestrial seafloor fabric and structure. Figures 1-3 and Table 1 ). On Earth, the "transform domain" is deftned as the width of the portion of the seafloor oriented perpendicular to the strike of the FZ that is affected by the presence of the FZ itself (i.e., thinned oceanic crust) (see Figure 3a) . With existing Venus imaging data, we can see surficial expressions of troughs/ridges but not the more subtle effects of the fracture zone thermal structure. Additional high-resolution altimetry data are required to determine the actual width of the zones or domains in which the troughs occur, but preliminary analysis of Venera 15/16 altimetry data (Figure 2d ) suggests that they may be wider than the trough observed in the images. The two features (FZs and troughs/fractures) are comparable in their general parallelism and spacing, although detailed analyses of tessera terrain are required to establish the full range and variability of trough/fracture spacing on Venus. The two features are also comparable in their general morphology (Figures 1-3) , with both having similar shapes and along-strike variations (changes in strike, basins).
4.3. Abyssal hills and corrugated terrain. Oceanic abyssal hills are similar to the ridges and valleys of the corrugated terrain in their distinct parallellism and their consistent occurrence and relatively constant widths over large areas (Figures 2, 3a, and 3c) . They are also similar in terms of the fault-like boundaries of the valleys and ridges, in their spacing (Table 1) (Table 1) may be due to these factors, although it cannot be ruled out that differences in the environment preclude the formation of these features in a Venus crustal spreading regime. Thus particular attention must be paid to the continually improving models for the formation and evolution of fracture zones and abyssal hills on Earth and the application of these models to the Venus environment. Continued investigation of the nature of spreading processes under Venus conditions will also be of significance in terms of understanding the Earth's Archean, a time when the thermal structure of the Earth is thought to be similar to that of present-day Venus.
Plateau-like nature of the trough-and-ridge tessera. Tessera terrain in general lies at elevations of 2 km (+1 km standard deviation [Bindschadler and Head, 1989b]) above the mean planetary radius, while most plains units (which do not
show the distinctive patterns of the trough-and-ridge tessera) lie at or within 1 km of mean planetary radius. Two types of topographic boundaries are observed at the edge of the troughand-ridge tessera terrain: (1) abrupt, where the edge is marked by a distinctive topographic change over relatively short distances and by a zone of deformation, as in Kamari Dotsum at the eastern edge of Laima Tessera (Figure 1), and (2) transitional, where the trough-and-ridge tessera terrain slowly decreases in elevation and is embayed by the volcanic deposits forming the lowland plains, as in southern and western Laima Tessera (Figure 1) . There are several possible explanations for these observations, many of which can be tested with existing data and data from the upcoming Magellan mission: (1) the trough-and-ridge tessera are high because they represent the thermally most youthful part of a crustal spreading system. This would require that spreading centers be located within zones of trough-and-ridge tessera and that they be currently active. (2) The trough-and-ridge tessera are high because of enhanced crustal thickness due to increased crustal thickness production along strike at the spreading center (the Iceland hot spot effect). This would require evidence that this process is operating at spreading centers and would predict that the terrain is in isostatic equilibrium. (3) The trough-and-ridge tessera are high because of enhanced crustal thickness related to deformational processes operating subsequent to its formation in the spreading center environment. This would seem to require significant surface deformation reflecting the deeper processes of crustal thickening. (4) The trough-and-ridge tessera are completely unrelated to processes associated with crustal spreading and the morphological and geometrical similarities are unrelated in tern of processes of formation.
Explanations 1-3 must also account for the apparent lack of the trough-and-ridge pattern in the lowlands, while no such explanation is required for 4. The apparent lack of trough-andridge pattern in the lowlands could be due to volcanic flooding of the pattern, as suggested by the embayment relationships along the southern and western margins of Laima Tessera (and preferential preservation of tessera terrain in areas of younger and/or thicker crest). In this case, lava thicknesses in the range of several hundred meters would be required to cover the texture, and one would expect to see transitional areas and patchy areas of exposed trough-and-ridge tessera. Sukhanov [1986] cited the patterns of irregular polygons in volcanic plains units that are adjacent to some tessera as evidence for regions of buried tessera. On the basis of the distribution of these patterns, he proposed that the actual abundance of tessera might be a factor of two more than what is presently exposed, perhaps representing some global process of "tesserization." Comprehensive analysis of existing and Magellan data will be required to evaluate fully this possibility. Alternatively, if the trough-and-ridge pattern is produced preferentially in regions of thicker crest, perhaps there is some factor in the production of normal thickness crust at Venus spreading centers (different thermal regime or different ratio of extrusion to intrusion) that might result in the lack of production or preservation of the orthogonal texture (i.e., thicker crust is better preserved than thinner crust, or only thick crest exhibits the orthogonal texture). Additional analyses and data are clearly required to test these ideas and to establish the relationship of the trough-andridge tessera to the surrounding plains.
Several additional properties of tessera may help to resolve the origin of the trough-and-ridge tessera. Tesserae in general are characterized by distinctive and anomalously high surface roughness at a range of scales from centimeters to decameters compared to plains units in general [Bindschadler and Head, 1989b] . Localized volcanism and pervasive faulting producing rift mountains/abyssal hills are responsible for the abnormally rough topography at the centimeter to decameter scale seen on the seafloor [Gallo et al., 1984, Figures 8-9; Searle, 1984] , which is very similar to the type of pervasive roughness seen in the tessera terrain Head, 1988a, 1989b] . High-resolution data obtained by the Magellan mission will permit the correlation of areas of enhanced surface roughness with specific geologic features and will allow further evaluation of the similarities and differences between the features on Venus and Earth.
Line-of-sight (LOS) gravity data exist for all or part of several tessera regions (Tellus Regio, Laima Tessera, and Alpha Regio) [Sjogren et al., 1983] . Maps of LOS gravity anomalies show that these three regions are characterized by very small anomalies despite their topographic elevation, in contrast to the very large anomalies associated with other areas of high topography, such as Beta Regio. The small LOS gravity anomalies, together with the high topography characteristic of the tessera, may indicate compensation due to crustal thickness variations or shallow mantle processes. More widespread coverage and higher resolution gravity data will be of extreme importance in distinguishing between models for the formation and evolution of tessera in general, and trough-and-ridge tessera in particular.
DISCUSSION AND CONCLUSIONS
On the basis of the similarities in morphology, geometry, and spacing, it is concluded that processes analogous to those responsible for the ocean floor fabric on Earth are good candidates for origin and production of the trough-and-ridge very similar to those of the tessera (such as Laima and Tellus) tessera terrain type on Venus. In this model, elongate troughs in the regions covered by Venera 15/16. High-resolution are analogous to fracture zones, and linear elements of the Magellan data will permit a comparison between Laima Tessera corrugated terrain to abyssal hills; the trough-and-ridge tessera originated at a rise crest analogous to divergent boundaries and spreading centers on the Earth's seafloor and evolved to its present morphology and configuration through similar processes of crustal spreading.
If trough-and-ridge tessera fabric is produced by crustal spreading, where is the spreading center located in Laima Tessera? On the basis of the asymmetry of the fabric, candidate spreading centers would be expected to be found parallel to the corrugated terrain and normal to the trough/fractures, oriented in an approximately NNE-SSW direction (Figure lc) . If the crust and lithosphere is relatively old, topographic variations due to thermal evolution may no longer be detectable. At active spreading centers on Venus topographic rises should be preserved and detectable for relatively slow spreading rates [Kaula and Phillips, 1981; Phillips and Malin, 1983] . Alternatively, regional slopes might provide information on the direction to higher, younger crust and lithosphere. Preliminary analysis of topograpic contour maps (500-m contour interval) has revealed no distinctive local rises, but more detailed analysis is underway using individual altimetry profiles. Although there does not appear to be a systematic trend in regional topography in an E-W direction, the extent of volcanic flooding of Laima Tessera appears to be greater in the west (Figure lc The more complex tessera patterns observed by Venera 15/16 (subparallel ridged terrain and disrupted terrain [Bindschadler and Head, 1988b] are not discussed in this paper but could be due to deformation of the basic trough-and-ridge tessera pattern (analogous to more complex patterns seen on the terrestrial seafloor [Acton et al., 1988; Stoddard, 1987]), or to complex tectonic patterns from other sources of deformation (Bindschadler and Head, Models for the origin and evolution of tessera terrain, Venus, submitted to Journal of Geophysical Research, 1989). Recognition of the key basic patterns of the trough-and-ridge tessera (long troughs/fractures and short orthogonal corrugated terrain) could provide a "marker" structural type and help in deciphering the origin of the more complex tessera occurrences.
In conclusion, the similarities in morphology, geometry, and spacing of elements of the trough-and-ridge tessera to the terrestrial ocean floor fabric suggest that trough-and-ridge tessera may have formed by similar processes of divergence and crustal spreading on Venus. This hypothesis can be further tested by detailed analyses of the nature of Laima Tessera and other tessera in the northern hemisphere, application of models for the formation of fracture zones and abyssal hills on Earth to the conditions of the Venus environment, and the analysis of global high-resolution imaging, altimetry, and gravity data from the Magellan mission.
